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Abstract
Objectives: Cone-beam dental computerize tomography (CBCT), a noninvasive imaging method, was used to im-
age the pulp-dentin complex. Pulp changes histologically with aging. While many studies have investigated the 
histological changes in pulp, few studies have focused on the changes in the shape of the root canals. This study 
evaluated the changes in the root canals with aging of central superior teeth using CBCT.
Study Design: The study examined 100 non-carious maxillary central teeth. These teeth were divided into five groups 
according to the age of the patients: Group A:15-24, Group B: 25-34, Group C: 35-44, Group D: 45-54 and Group E: 55 
years and older. CBCT was used to determine root length, and pulp width at the cervical, apical 1/2, and apical 1/3.
Results: On comparing the groups using one-way analysis of variance (ANOVA), the root length did not differ (P > 
0.05), while the pulp width at the cervical, apical 1/2, and apical 1/3 differed between the groups (P < 0.001).
Conclusions: The pulp length did not change with aging, while the pulp width did change. CBCT can be used to 
determine the precise root length and width, to prevent iatrogenic exposure of the apex, complementing existing 
methods. This will improve the prediction of the prognosis of root canal treatment.
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Introduction
Population surveys indicate that increasing numbers of 
adults are retaining teeth to old age (1). In many cases, 
the pulp width and length in older adults is affected by 
dental disease, such as caries, and tooth surface loss, 
with a pathological or physiological etiology.
At older ages, the jaws, periodontal tissues, oral mu-
cosa, salivary glands, and even the components of teeth 

change markedly. These changes affect the enamel, 
dentine, and pulp tissues. In adolescence, the pulp 
chamber is wide, and the pulp tissue is rich in vessels, 
and is characterized as young connective tissue. With 
aging, the volumes of the pulp chamber and root canal 
decrease and they may become completely calcified 
with secondary dentine (2).
It is unclear whether the fibrosis of old pulp is the result 
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Fig. 2. Sample measurement of the root length and pulp width at the 
cervical, apical 1/2 and apical 1/3.

Fig. 1. Sagittal section.

of the continuous formation of collagenous fibers dur-
ing aging, a response to external environmental factors, 
or a relative increase because of the loss of pulpal area 
(3).
Radiography has an important place in dentistry. Since 
Roentgen discovered X-rays in 1895 and Kels promoted 
their use in dentistry, diagnosis from radiographic im-
ages has been widely used in endodontics. In most treat-
ments, however, a two-dimensional evaluation using 
conventional radiographs of the teeth and jaws may not 
always be sufficient to make a diagnosis. Cone-beam 
dental volumetric tomography (CBCT) is an image-
acquisition technique, based on a cone-shaped X-ray 
beam. The apparatus rotates once around the patient, 
producing a series of three-dimensional (3D) images. 
With CBCT, it is possible to obtain 3D images of the 
teeth and jaws that correspond to the actual dimensions 
(4). Thus, CBCT is a great aid in dentistry. Neverthe-
less, there are no studies that have examined its advan-
tages over conventional radiographs about dimensional 
root changes.
Dedicated cone beam tomography scanners for dentist-
ry pioneered in the late 1990s independently by Arai et 
al. (5) in Japan and Mozzo et al. (6) in Italy. Since then, 
many dental researchers have taken interest in this new 
imaging technique (7). Two studies have shown that 
CBCT can be applied clinically for measuring the root 
canals, identifying root canals, and anatomical varia-
tion, evaluating root fractures and resorption, and plan-
ning treatment (8,9).
The aim of this study was to evaluate changes in the 
dimensions of central superior incisors root canals with 
aging using CBCT images, and the utility of CBCT for 
measuring pulp length during root canal treatment.

Materials and Methods
This study was conducted at the Dicle University fac-
ulty of dentistry department of operative dentistry and 
endodontics. We didn’t get ethical approval or consent 
from patients to do this due to this study is retrospec-
tive, study conducted on CBCT images of patients 
which were have taken different dental aims.
Cone-beam dental volumetric tomography (I-Cat, Im-
aging Sciences International, Hatfield, PA, USA) was 
used to take images of maxilla-facial area at a setting of 
120 kVp and 3-7 mA. Images were obtained within 10 s 
(the actual exposure time was 9 s). Each scan involved 
a number of separate, small, individual exposures (up 
to 440 frames) taken over 360°, with a voxel size of 
0.300 mm.
This study examined 100 non-carious, non-restored, 
and non traumatized maxillary central teeth. The teeth 
were divided into five groups according to the age of 
the patient:
Group A: 15-24 among ages

Group B: 25-34 among ages
Group C: 35-44 among ages
Group D: 45-54 among ages and
Group E: 55 years and older.
All of measurements made by the same person. After 
taking the CBCT images, the roots of the teeth were 
measured in sagittal sections (Fig. 1), including the 
root length, and pulp width in the cervical, apical 1/2, 
and apical 1/3 (Fig. 2) by I-cat software, version 1.6.2.0 
(i-CAT Imaging Sciences International, Hatfield, Pa 
USA).
Evaluation of results among groups made by One way 
ANOVA test. The post hoc Tamhane test used for eval-
uation of measurements which have got from cervical 
area among groups. The Tukey HSD test used for evalu-
ation of apical 1/2 and apical 1/3 area among groups. 
Evaluations of all statistical data made by SPSS 10.0 
(SPSS for Windows, release 10.0.0, Chicago, IL) com-
puter program.
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Measurement Group A (n=20) Group B (n=20) Group C (n=20) Group D (n=20) Group E (n=20) 

 Mean ± SD Mean  ± SD Mea ± SD Mean ± SD Mean ± SD 

Lenght of root 13.3900 ± 1.9893 14.2875 ± 2.6986 12.6685 ± 2.0911 12.9875 ± 2.0957 13.7965 ± 1.8259 

Pulp width at cervical 1.8400 ± 0.3883 1.7015 ± 0.2581 1.4280 ± 0.2946 1.2535 ± 0.2608 1.0785 ± 0.2628 

Pulp width in apical 1/2 1.2925 ± 0.2479 1.0595 ± 0.2232 0.8900 ± 0.1796 0.7060 ± 0.1324 0.6685 ± 0.1379 

Pulp width in apical 1/3 0.5900 ± 0.1620 0.5385 ± 0.1593 0.4395 ± 0.1291 0.3100 ± 0.0678 0.3195 ± 0.0621 

Table 1. Mean measurements for each group as a millimeter. (SD: Standard Deviation).

Results
Measurements which gathered from samples obtained 
by the same person. Evaluation of randomly selected 20 
teeth measurements in terms of error calculation made 
again after the 10 days. As a result of statistical evalu-
ation there weren’t any differentiation among results 
(p>0.05).
The mean and standard deviation measurements of the 
100 teeth are summarized in (Table 1). There was no 
statistical difference in pulp length among the all ages 
groups (p>0.05).
There was statistical difference in cervical length 
among the all age groups. (p<0.001) The groups were 
then compared in pairs using the post hoc (multiple 
comparison) Tamhane test. There was no statistical dif-
ference in groups (A-B, C-D and D-E) about cervical 
measurements (p>0.05), while there was statistical dif-
ference in  all of other groups (Table 2).
There was statistical difference in apical 1/2 width among 
the all ages groups (p<0.001). The Tukey HSD test was 
used to compare the apical 1/2 measurements between 
pairs of groups.  There was no statistical difference be-
tween D-E according to the multiple comparison about 
apical 1/2 measurements (p>0.05), while there was statis-
tical difference in all of other groups (Table 2).
There was statistical difference in apical 1/3 width among 
the all ages groups (p<0.001). The Tukey HSD test was 
used to compare the apical 1/3 measurements between 
pairs of groups. There was no statistical difference among 
A-B, B-C and D-E according to the multiple comparison 
about apical 1/3 measurements (p>0.05), while there was 
statistical difference in all of other groups (Table 2).

Groups A B C D E
C
E
R
V
I
C
A
L

E *** *** ** n.s.
D *** *** n.s.
C ** *
B n.s.
A

1/2

A
P
I
C
A
L

A B C D E
E *** *** ** n.s.
D *** *** *
C *** *
B **
A

1/3

A
P
I
C
A
L

A B C D E
E *** *** ** n.s.
D *** *** *
C ** n.s.
B n.s.
A

Table 2. Multiple comparison for all groups about cervi-
cal, Apical 1/2 and Apical 1/3. 

n.s. Not Significant    * p< 0.05 ** p< 0.01 *** p< 0.001
Group A: 15 24 among ages          
Group B: 25 34 among ages
Group C: 35 44 among ages          
Group D: 45 54 among ages 
Group E: 55 years and older.
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Discussion
The numerical and volumetric decrease in odontoblasts 
may cause recession of cell extension from the dentine 
tubules, increase calcification, decrease in volume and 
pulp chamber (10,11).
There is a decrease in the number of cells in the pulp 
and an increase in the fibrous component with age (3). 
Shroff pointed out that the increase in the fibrous ele-
ments that occurred in aging could simply be the result 
of the persistence of fibrous elements of an originally 
larger pulp (12). Stanley and Ranney (13) concluded that 
the amount of collagen did not increase in the coronal 
pulp tissue after the age of 20 years. This study may 
explain the decrease in the volume of pulp tissue we 
observed in teeth from patients older than 15-24 years.
During the aging process, there is not only a decrease 
in the size of the pulp chamber, but also a loss of blood 
vessels and nerves. Simultaneously, the number of col-
lagen bundles in the coronal pulp increases (3). Moreo-
ver, the pulp may lose its vitality as a result of dental 
trauma and this may alter the volume of the pulp cham-
ber and root canal.
The use of CBCT may help to prevent accidental pulp 
exposure in clinical practice (14).
According to Patel et al. (15) the roots of the posterior 
maxillary teeth and their periapical tissues can be vis-
ualized separately and in all three orthogonal planes 
without superimposition of the overlying zygomatic 
buttress, alveolar bone, and adjacent roots. Three-di-
mensional imaging allows visualization of the anatomi-
cal relationships of the root apices to important neigh-
boring anatomical structures, such as the inferior dental 
canal and mental foramen.
Root morphology can be visualized in three dimen-
sions, as can the number of root canals and whether they 
converge or diverge from each other. Unidentified (and 
untreated) root canals in root-filled teeth may be identi-
fied using axial slices, which are not readily identifiable 
with periapical radiographs, even if taken at different 
angles. The true size, location, and extent of periapi-
cal disease should be appreciated, while the actual root 
with which the lesion is associated should be identifi-
able with confidence (15).
We believe that CBCT clearly reveals the real view of the 
pulp chamber for measurements due to CBCT have no 
magnification. However, few studies have addressed the 
endodontic treatment of root canals using tomography.
Previous research (16) showed that the pulp tissue de-
creased with aging, while the thickness of the remain-
ing dentin increased, consistent with our results.
The dimensions of the pulp chamber are reduced by cal-
cification, which tends to be greater at the roof of the pulp 
chamber and on the axial walls than on the floor of the pulp 
chamber (17). Using CBCT, although we found no signifi-
cant between-group differences in pulp canal length, there 

was a significant difference in pulp canal width. The great-
est decrease in pulp width was seen in the cervical and api-
cal 1/2, especially in the 45-54 year age group. By contrast, 
the widest root canals were in the 15-24 year age group, in 
agreement with report that the pulp chamber is wide and 
rich in vessels in that age group (10). 

Conclusions
1)  It is revealed that there was no difference among age 
groups pulp lenght measurements, while there was dif-
ference in  all of age groups about cervical, apical 1/2 
and apical 1/3 width measurements.
2) CBCT useful tool it supplies sensitive measurements 
for dental research. 
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